17 Taste receptor T1R1-T1R3 can be activated by binding to several natural ligands, e.g., L-18 glutamate and 5'-ribonucleotides etc., thereby stimulating the umami taste. The molecular 19 mechanism of umami recognition at an atomic level, however, remains elusive. Here, using 20 homology modeling, molecular docking and molecular dynamics (MD) simulations, we 21 investigate the effects of five natural umami ligands on the structural dynamics of T1R1-T1R3.
For binding site A, by treating the apo system as a ground state, we can group the five 289 ligands into two classes (Fig 7B) . One group includes WSA and BMP that prefer to increase 290 the Rg value of the binding site A, suggesting that they can potentially promote the opening 291 of hT1R1-VFD. In contrast, the other group, consisting of MSG, GMP, and IMP, can tighten the 292 site A, reflected from the reduced Rg values comparing to the apo system. However, it is 293 worth to note that within each group, the ligands also act differently on the protein dynamics, 294 reflected from both the Rg and RMSD calculations. In specific, BMP exerts much higher 295 structural disturbances on hT1R1-VFD than WSA, with an increased Rg and RMSD values, and 296 has stronger effects on promoting the opening of the binding site A compared to WSA. For 297 the second group, MSG tightens the binding site A the most compared to GMP and IMP, 298 reflected from its lowest Rg values (Fig 7B) . GMP and IMP, on the other hand, can affect the 299 protein structure in a similar manner.
300
On the other hand, for binding site B, only WSA can slightly tighten the binding site B, 301 reflected from the reduced Rg value comparing to the apo system (Fig 7C) , which is likely due 302 to the fact that WSA is unable to reach the binding site B. The other ligands, however, can all 303 promote the opening of binding site B, reflected from the increased Rg values comparing to 304 the apo system ( Fig 7C) . In specific, MSG, BMP, and GMP exert relatively larger effects on 305 promoting the hT1R1-VFD opening compared to IMP. It is noteworthy that although MSG 306 largely binds to site A, it tightens binding site A, whereas opens up binding site B (Fig 7B and 307 7C), we speculate that this is because MSG attracts more interactions from the LB2 residues, 308 e.g., Y220, R277, and A302, which induces the movements of LB2 towards site A. 
331
The DCCM shows that the five ligands indeed exert different effects on the dynamics of the 332 LB2 domain. For the apo system, helix-1 and 2 have a weak correlation, and helix-3 and 4 have 333 a strong positive correlation (Fig 8A) . In comparison, the MSG binding can further weaken the 334 correlation between helix-1 and 2, while has no obvious effect on the helix 3 and 4 (Fig 8B) , 335 suggesting that MSG can interfere the interacting networks between helix 1 and 2. In addition,
336 GMP and IMP demonstrate very similar correlation values, suggesting that these two ligands 337 impose similar stresses on the binding sites in hT1R1-VFD, which is consistent with previous 338 results (Fig 8D and 8E) . For WSA and BMP, their bindings give rise to a stronger positive 339 correlation between helix 1 and 2 compared to the apo system (Fig 8C and 8F ), consistent 340 with the above analysis that they can both open up binding site A (Fig 7B) . Moreover, WSA 341 tents to decorrelate helix 3 and 4 compared to all other systems, suggesting its potential role 342 in interrupting the interaction network between helix 3 and 4. 
